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(54) Method for recovering flatness of web material and apparatus therefor 



(57) The present invention provides a method for 
recovering flatness of a web material (20) which com- 
prises heating a side edge portion (2 1 ) of the web mate- 
rial at a temperature in a range from a glass transition 
temperature minus AO'C to a melting point of the web 
material for a period of from 1 to 600 seconds, and an 
apparatus for recovering flatiiess of a web material 
which comprises a plurality of conveying rollers (31.32) 
for conveying the web material and a side edge portion 
heating means (40,50) which surrounds and heats the 
side edge portion of the web material ti-aveling through 
conveying rollers. According to ttie method and appara- 
tus, the side edge portion(s) elongated by the previous 
heat treatment is recovered to a state similar to the cen- 
tral portion by reheating to correct the side edge por- 
tion(s), and thereby, flatiiess of Vhe web material can be 
improved. 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates to a method for recovering 
flatness of a web material which corrects elongation at 
side portions of the web material occurring caused by 
heat treatment for the purpose of the improvement in 
properties and dimensional stability, and an apparatus 
therefor. 

There are laminated plastic films containing a light- 
selective membrane, a transparent conductive mem- 
brane, etc. which are used in optical or electrical techni- 
cal field. The laminated plastic film is heat-treated for 
the purpose of the improvement in dimensional stability 
upon heating, of the adjustment of strength, elongation 
or shrinkage, of drying, polmerization or curing a sur- 
face layer coated onto a surface of the film. 

Several heat treatment methods of the laminated 
plastic film are disclosed in Japanese Patent KOKAI 61 - 
74828, 62-127229, etc. In the heat treatment disclosed 
in Japanese Patent KOKAI 61 -74828, one or Ixith side 
edges of the plastic film are thickened so as to form 
space between adjacent film turns upon wound. In the 
heat treatment disclosed in Japanese Patent KOKAI 62- 
127229, the plastic film is heated in an oven up to 
almost heat treatment temperature, meanwhile spacers 
are superposed at least on both side edges of the plas- 
tic film. The plastic film heated in the oven is wound up 
info a roll together with the spacers, and the roll contain- 
ing spacers which intervene adjacent film turns is kept 
at the heat treatment temperature for a predetermined 
time. 

In the above conventional methods, the plastic film 
is wound to form a roll in a state that either one side 
edge or both aide edges are thickened or accompanied 
with spacers, and then, heat-treated. Therefore, stress 
generated in the roll is concentrated on the one side 
edge or both side edges. Since the roll is heated up to 
around a glass transition temperature, creep elongation 
occurs at the side edges greater than the central portion 
to degrade flatness. As a result, coating suitability in a 
subsequent process and transportation suitability are 
degraded, arxi loss in product yield increases. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a method for 
recovering flatness of a plastic film wherein side edge(s) 
is elongated up to a good state prior to heat treatment, 
and thereby capable of improving coating suitability, 
transportation suitability, and so on. 

Another object of the invention is to provide an 
apparatus used therefor. 

The present invention provides a method for recov- 
ering flatness of a web material which has achieved the 
above ot^ect, comprising heating a side edge portion of 
the web material at a temperature in a range from a 
glass transition temperature minus 40''C to a melting 



point of the web material for a period of from 1 to 600 
seconds. 

The present invention also provides an apparatus 
for recovering flatness of a web material which has 
5 achieved the above object, comprising a plurality of con- 
veying rollers and a side edge portion heating means. 

BRIEF DESCRIPTION OF DRAWINGS 

10 Rgure 1 is a side view of an apparatus for recover- 
ing flatness of a web material embodying the invention, 
and Figure 2 is an enlarged partial view thereof. 

Figure 3 is a partial front view around the side edge 
portion heating means and Figure 4 is an enlarged par- 
rs tial view thereof. 

Figure 5 is a partial front view section of another 
side edge portion heating means also embodying the 
invention. 

Figure 6 is a graph indicating a relation between 
20 temperature and distance from an edge of the web 
material upon heating the web material by the appara- 
tus for recovering flatness of a web material of the 
invention. 

10 ... Frame 
25 20 ... Web material 

21 ... Side edge portion 
31 ,32 ... Conveying roller 

40, 50 ... Side edge portion heating means 

41, 51 ... Trough-formed member (surrounding 
30 member) 

42, 52 ... Heater 

DETAILED DESCRIPTION OF THE INVENTION 

35 Suitable heating conditions for recovering flatness 
are at a temperature in a range from a glass transition 
temperature minus 40°C to a melting point of the web 
material for 1 a period of from to 600 seconds, prefera- 
bly from the glass transition temperature minus 20*C to 

40 the melting point minus 40°G for a period of from 1 to 
100 second, more preferably from the glass transition 
temperature to the melting point minus 80°C for a period 
of from 2 to 60 seconds. When the heating temperature 
is less than the glass transition temperature minus 

45 40°C, to correct the elongation occurring at side edge 
portion(s) is difficult due to small shrinkage of the web 
material. When the heating temperature exceeds the 
melting point, the web material curls due to great sof- 
tening, or in an extreme case, is melted. In order to min- 

50 imize destruction of molecular arrangement by the 
reheating, it is preferable to heat at around glass transi- 
tion temperature, i.e. in a range from the glass transition 
temperature to the tennperature plus 40''C. The heating 
time of shorter than one second is too short for recover- 

55 ing flatness of the web material. The heating time of 
longer than 600 seconds requires a long flatness-recov- 
ering apparatus resulting to degrade manufacturing 
equipment efficiency. The heating temperature can be 
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controlled by changing temperature or number of heat- 
ers, heating time, heating distance, traveling speed, etc. 

The side edge portion(s) to be heated in the inven- 
tion almost correspond to the part(s) more elongated 
than the central part by the heat treatment, and almost s 
correspond to the thickened part or the part on which 
spacer(s) are superposed. Accordingly, the width of the 
side edge portion(s) vary according to the full width of 
the web material, etc.. and in general, 1 to 3 % of the full 
width of the web material. For example, in the case of io 
the web material having a widthof about 1 .500 mm. the 
width of the side edge portion is, at>out 30 mm from a 
side edge. 

The side edge portion heating means surrounds 
and heats the side edge portion(s) of the web material, is 
and comprises a member surrounding the side edge 
portion and a heating member. The surrounding mem- 
ber renders so that heat is utilized efficiently for heating 
the side edge portion, i.e. restricts heating area to the 
side edge portion, and surrounds the edge and both 20 
sides of the side edge portion. 
The form and materials of the surrounding member are 
not limited, but the inner surface is preferably rendered 
so as to reflect heat. Illustrative of the heating members 
are infrared heaters, e.g. far infrared heater, middle 25 
infrared heater, ultrasonic heaters, etc. 

The heating employed for recovering flatness is dif- 
ferent from the preceding heat treatment in that it is con- 
ducted against the web material directly for a short time 
in real time or machine process. so 

As the web material applicable to the invention, 
there are polyest^ films, polyethylene films, polystyrene 
films, polyvinyl alcohol films, polyvinyl chloride films, 
polyvinylidene chloride films, teflon films, nylon films, 
polypropylene films, polycarbonate films, polyimide 35 
films, polyamide-imide films, polyester imide films, etc. 
The size of the web material is not limited, and in gen- 
eral, has a width of fromSOO to 5000 mm, particularly 
from 1000 to 2000 mm. and a thickness of from 10 to 
500 urn, particularly from 50 to 200 nm. In the case that 40 
the web material is a laminated film, the glass transition 
temperature and the melting point of the web material 
are those of the thickest layer, in general, the support 
layer. 

The thickening of the web material applied to the 45 
flatness-recovering method and the apparatus of the 
invention can be conducted by the cold mechanical 
method, the method of using an embossing roller 
heated to higher than the melting point of the film. 

As the use of the web material of the invention, so 
there are the support for photographic photosensitive 
materials, the support for magnetic recording materials, 
the support for light-selective light-transmissive mem- 
branes, the support for transparent conductive mem- 
branes, etc. 55 

In the method for recovering flatness of a web 
material of the invention, the side edge portion(s) elon- 
gated by the previous heat treatment is recovered to a 
state similar to the central portion by reheating to cor- 



rect the side edge portion(s). and thereby, flatness of 
the web material can be improved. As a result, coating 
suitability (uneven coating caused by elongation, air 
entrapment, trimming, etc.) and ti'anspotation suitability 
(slippage, meandering, weaving, etc.) can be improved. 
Due to not heating the central portion, destruction of the 
arrangement of molecules formed by the heat treat is 
minimized occurring through reheating. 

In the apparatus of the invnetion, the surrounding 
member surrounds a side edge portion of the web 
material. The surrounding member inhibits heat of a 
heater from irradiating to the central portion of the web 
material as little as possible, and concentrates the heat 
to the side edge portion. 

EMBODIMENTS 

An apparatus for recovering flatness of a web mate- 
rial of the invention is illustrated in Figures 1 to 4. 

Referring to Figure 1 which is s side view of the 
apparatus, a frame 10 of the apparatus is formed rec- 
tangular by an upper frame 1 1 , a lower frame 12, a left 
frame 13 and a right frame 14. A plurality of conveying 
rollers 31, 32 for conveying a web material 20 are 
mounted to the left frame 13 and the right frame 14 
alternately at an interval almost the same as the diame- 
ter of conveying rollers 31, 32. That is, the level of the 
upper end of the conveying roller 31 (32) mounted to 
one frame 13 (14) is almost consistent with the lower 
end of the conveying roller 32 (31) mounted to the other 
frame 14 (13), and the level of the lower end of the con- 
veying roller 31 (32) mounted to the one frame 13(14) 
is almost consistent with the upper end of the conveying 
roller 32 (31 ) mounted to the other frame 14(13) located 
underneath. Thus, the web material 20 moves almost 
horizontally, and turns many times thereby forming sur- 
pentine path. Besides, a plurality of feed rollers 33 are 
mounted to the under frame 12 for feeding the web 
material 20, and a plurality of transfer rollers 34 are 
mounted on the outside of the right frame 1 4 for convey- 
ing the web material 20 of which flatness has been 
recovered by heating to a subsequent process. 

As shown in Figures 2 and 3. side edge portion 
heating means 40 for heating a side edge portion of the 
web nnateri^ 20 are provided on both sides of each 
traveling line of the web material 20 between the con- 
veying roller 31 and the conveying roller 32. As shown in 
Figure 3, each side edge portion heating means 40 is 
movable forward and backvt^rd in the direction peipen- 
dicular to the traveling direction of the web material 20. 

As shown in Figure 4, the side edge portion heating 
means 40 is composed of a trough-farmed member 
(surrounding member) 41 and a pair of heaters 42 pro- 
vided in the trough-formed member 41 almost through 
the whole length. The web material side of the trough- 
formed meniser is opened to form a slit-formed opening 
43 through the whole length so that a side edge portion 
21 of the web material 20 can enter the inside of the 
trough-formed member 41. The trough-formed member 
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41 is formed of a back panel 48, back oblique panels 47 
formed by folding the upper side and lower side of the 
back panel 48 at an angle of about 45 degrees so as to 
be widened, top and bottom panels 46 formed by folding 
the front end of each back oblique panel 47 in the hori- 5 
zontal direction, front oblique panels 45 formed by fold- 
ing the front end of the top and bottom panels 46 at an 
angle of about 45 degrees so as to be narrowed, and 
opening panels 44 formed by folding the front end of 
each front oblique panel 45 in the holizontal direction. A ro 
pair of heaters 42 are located at almost the same dis- 
tance from the top or bottom panel 46 and the back 
oblique panel 47. 

The size of the side edge portion heating means 40 
is a=50mm, b=20mm, c=25mm, d=15mm, e=10mm, 
f=10mm, g=80mm, h=100mm, and i=15mm in Figure 4, 
respectively. In Rgure 4, "a" represents a moving range 
of the web material 20 in the vertical direction. 

When flatness of the web material 20 is recovered 
by correcting elongation occurred at side edge portions 
21 of the web material 20 using the above apparatus, 
the trough-formed members 40 located on the outside 
indicated by a dotted line in Figure 3 is moved toward 
the inside (the full line in Figure 3) so that the side edge 
portions 21 of the web material 20 is entered therein. At 
that time, referring to Figure 4, it is set so that the point 
B which indicates the position at a distance of 30 mm 
from the edge of the web material 20 conforms with the 
end of the opening 43. 

In this state, the traveling web material 20 is heated 
by the side edge portion heating means 40. The inside 
of the trough-formed member 41 has been heated by 
the heaters 42, and the side edge portion 21 located on 
the outside from the point p is heated to a temperature 
in the range from a glass transition temperature minus 
40''C to the melting point by the radiant heat directly 
from the heaters 42 and reflected by the front oblique 
panels 45, the top and bottom panels 46, the back 
oblique panels 47 or the back panel 48. On the other 
hand, the central portion of the web material 20 located 
on the central side from the point p is heated little, and 
accordingly, the previous state can be maintained with- 
out adverse effect by the heating. 

Thus, the elongation the side edge portions 21 of 
the web material 20 is corrected by the heating, but the 
central portion keeps the initial state. Then, the side 
edge portions become a similar state to the central por- 
tion, and the web material becomes flat having a uni- 
form thickness. 

Another embodiment of the side edge portion heat- 
ing means 50 is shown in Figure 5. The side edge por- 
tion heating means 50 is composed of a trough-formed 
member 51 and a heater 52 provided in the trough- 
formed member 51 almost through the whole lentgth. 
The trough-formed member 51 has almost a square 
section with an opening 53 so as to enter the side edge 
portion 21 of the web material. The heater 52 is located 
under the center of the trough-formed member 51, and 
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heats the side edge portion 21 of the web material 20 
from the underside. 

EXAMPLE 

A flatness-recovering test was conducted as to a 
film web 1 ,500 mm in width 1 00 \xm in thickness of a pol- 
yethylene naphthalate (PEN) resin having a glass tran- 
sition point of 1 13°C and a melting point of 250''C, using 
the above apparatus shown in Figures 1-4. 

TTie PEN resin film web was wound into a roll with 
superposing polyethylene terephthalate films 15 mm in 
width 15 nm in thickness on both side edge portions of 
the film web as the spacers, meanwhile heated at about 
115"'C. The completed roll was further heat-treated at 
about 1 15°C for 24 hours. The heat-treated PEN resin 
film was elongated on both side edge portions, and was 
inferior in flatness as a whole. 

After removing the spacers, the above heat-treated 
PEN resin film was fed to the apparatus shown in Fig- 
ures 1 -4 at a traveling speed of 20 to 1 00 m/min, and the 
side edge portions about 20 mm in width from the edge 
(a) to the point (P) were heated at from 1 1CC to 160°C 
for a period of from 5 to 60 seconds. 

A relation between the distance from an edge (a) of 
the web material and heated web temeprature is shown 
in Figure 6. As can be seen from the results of Figure 6, 
the temperature of the position (y) at a distance of 25 
mm from the edge (a) was about 100°C. That is, the 
side edge portion between the edge and the point y was 
heated to the glass transition temperature minus 40°C 
or more, but the central portion from the point y was not 
heated at a high temperature. By the above flatness- 
recovering treatment, the elongation on both side edge 
portions of the PEN resin film was corrected, and flat- 
ness of the PEN resin film was improved. 

Having described our invention as related to the 
embodiment shown in the accompanying drawing, it is 
our intention that the invention be not limited by any of 
the details of description, unless otherwise specified, 
but rather be construed broadly within its spirit and 
scope as set out in the accompanying claims. 

Claims 

1 . A method for recovering flatness of a web material 
which comprises heating a side edge portion of the 
web material at a temperature in a range from a 
glass transition temperature minus 40°C to a melt- 
ing point of the web material for a period of from 1 
to 600 seconds. 

2. The method of claim 1 wherein the heating is con- 
ducted at a temperature in a range from a glass 
transition temperature to the melting point minus 
SO'C for a period of from 2 to 60 seconds. 

3. The method of claim 1 wherein the web material is 
a polyester film web. 
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4. The method of claim 1 wherein the side edge por- 
tion has a width of 1 to 3 % of a whole width of the 
web material. 

5. An apparati^ for recovering flatness of a web mate- s 
rial which comprises a plurality of conveying rollers 
for conveying the web material and a side edge por- 
tion heating means which surrounds and heats a 
side edge portion of the web material traveling 
through conveying rollers. io 

6. The apparatus of daim 5 wherein the conveying 
rollers are arranged alternately so that the web 
material travels through surpentine path. 
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7. The apparatus of claim 5 wherein the heating 
means comprises a surrounding member which 
surrounds a side edge portion of the web material 
and has an opening for entering the side edge por- 
tion and at least one heater. 

8. The apparatus of claim 7 wherein the number of 
heaters is plural and the heaters are located so as 
to heat the side edge portion from both sides. 

9. The apparatus of claim 7 or 8 wherein the heater(s) 
is an infrared heater. 



10. The apparatus of claim 7 or 8 wherein the surround- 
ing member is a trough-formed member. 3o 

11. The apparatus of claim 10 wherein the trough- 
formed member has a reflective inner surface. 
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(54) Method for recovering flatness of web material and apparatus therefor 



(57) The present invention provides a method for 
recovering flatness of a web material (20) which com- 
prises heating a side edge portion (21 ) of the web mate- 
rial at a temperature in a range from a glass transition 
temperature minus ^O'C to a melting point of the web 
material for a period of from 1 to 600 seconds, and an 
apparatus for recovering flatness of a web material 
which comprises a plurality of conveying rollers (31,32) 
for conveying the web material and a side edge portion 
heating mecins (40,50) which surrounds and heats the 
side edge portion of the web material traveling through 
conveying rollers. According to the method and appara- 
tus, the side edge portion(s) elongated by the previous 
heat treatment is recovered to a state similar to the cen- 
tral portion by reheating to correct the side edge por- 
tion(s). and thereby, flatness of the web material can be 
improved. 
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